. Characteristics of study patients and results of HLC and FLC testing AutoHCT N (%) (n = 331) AlloHCT N (%) (n = 166) P-value Boyle et al, 2014) . Additionally, the HLC assay may be a surrogate marker of normal plasma cell recovery after transplant (Tovar et al, 2012) . We report the results of a correlative study testing the additional prognostic role of a normalized HLC and free light chain (FLC) tests over conventional electrophoretic response in predicting outcomes done on archived samples of patients enrolled in Blood Marrow Transplant Clinical Trials Network (BMTCTN) 0102, a randomized phase 3 multicentre trial aimed at determining the role of tandem autologous or allogeneic second transplant after upfront autologous haematopoietic cell transplant (HCT) in MM (Krishnan et al, 2011) . Eligible patients were biologically assigned to receive a tandem allogeneic (alloHCT) or a second autologous (autoHCT) transplant, based on availability of a human leucocyte antigen (HLA)-matched sibling donor. The tandem autoHCT group was re-randomized to receive 1 year of maintenance therapy with thalidomide plus dexamethasone versus observation. De-identified, archived cryopreserved serum samples collected prior to first transplant, day 56 and 1 year post-second transplant banked at the National Heart Lung and Blood Institute (NHLBI) sample biorepository were used in this study using an Institutional Review Boardapproved protocol.
Samples were processed at The Binding Site, Birmingham, UK. Testing was performed using a Siemens BNII nephelometer for free kappa and free lambda (FLC Freelite â kits), IgGj and IgGk, IgAj and IgAk, IgMj and IgMk (HLC IgG, IgA and IgM Hevylite â kits). The normal ranges for ratios of the FLC and HLC assays were determined by analysis of serum samples from 146 normal controls and were: FLC j/k 0Á26-1Á65; HLC IgG j/k 0Á98-2Á75; HLC IgA j/k 0Á8-2Á04
and IgM j/k 0Á96-2Á3. Twenty-eight samples could not be analysed due to inadequate sample collection; 1 patient with disease progression at study entry (auto-auto arm) was excluded; 490 samples were analysed. The International Uniform Response Criteria (Durie et al, 2006) was used to define disease response with the addition of near complete response (CR), which was defined as evidence of disease by immunofixation electrophoresis without morphological evidence of MM in bone marrow. (Krishnan et al, 2011) Normalization of HLC ratios across all 3 measured heavy/light chain pairs or normal clonal isotype with normal ratios of uninvolved pairs was considered HLC-R while normalization of the FLC ratio was called FLC remission (FLC-R). The HLC result of any HLC pair missing for a given time was disregarded, thus decreasing the number of interpretable HLC compared to FLC ratios (Table I) .
Sensitivity and specificity of FLC-R and HLC-R were calculated compared to electrophoretic response. Progressionfree survival (PFS) was defined from first registration to the first observation of progression. Multivariate models were used to identify baseline variables impacting PFS and overall survival (OS) after transplant and adjusted models were generated to identify the prognostic value of pre-transplant HLC-R and FLC-R for those in electrophoretic CR or very good partial response (VGPR). Model building was performed by Cox regression and survival was estimated by the Kaplan-Meier method. Statistical analyses were performed using SAS version 9 (SAS Institute, Cary, NC, USA). Table I shows the baseline characteristics and test results. The alloHCT group was younger (median age at diagnosis 51 years vs. 56 years, P < 0Á001), more frequently white (82% vs. 74%, P = 0Á03) and with high-risk disease (18% vs. 10%, Correspondence P = 0Á01) compared to the autoHCT group, similar to the demographics reported in the parent study (Krishnan et al, 2011) . The median follow-up was similar in both groups. Heavy light chain remission had 100% sensitivity and 100% negative predictive value for identifying electrophoretic CR and non-CR respectively, i.e. a normal HLC result was always concordant with electrophoretic CR while an abnormal HLC result was always concordant with electrophoretic non-CR. Further, HLC-R had high sensitivity (89%) and low specificity (52%) to distinguish ≥VGPR from <VGPR, whereas FLC-R showed high specificity (81%) with low sensitivity (49%) between these groups.
Only 23 patients achieving ≥VGPR had HLC-NR, thus restricting our ability to identify differences in outcomes. While HLC response did not help separate patients with a VGPR or better (Fig 1A) , those patients with pre-transplant <VGPR [partial response (PR) or stable disease (SD)] status and HLC-R had better outcomes than those without HLC-R (P = 0Á03; Fig 1B) . It is known that patients with pre-transplant electrophoretic ≥VGPR have good post-transplant outcomes overall (Attal et al, 1996) , thus it is not surprising that the HLC had no additional benefit among these patients. Ludwig et al (2013) showed similar results, with improvements in survival among a small group of patients stratified by HLC ratio, with benefit seen particularly in the group with PR rather than ≥VGPR.
Multivariate analysis associated patients with ≥VGPR response prior to first transplant and Durie-Salmon stage (DSS) I/II versus III with superior PFS and OS. After adjusting for electrophoretic response, DSS and study arm (autoHCT versus alloHCT), HLC-R was an independent predictor of superior PFS [hazard ratio (HR) 0Á75, 95% confidence interval (CI) 0Á59-0Á95, P = 0Á016; Fig 1C] , freedom from relapse (HR 0Á77, 95% CI 0Á6-0Á98, P = 0Á035) and OS (HR 0Á69, 95% CI 0Á51-0Á92, P = 0Á012; Fig 1D] . No similar prognostic value was seen by incorporating FLC-R into the model, as also recently shown by Martinez-Lopez et al (2015) .
In conclusion, we show that HLC-R is 100% concordant to an electrophoretic CR, but an HLC-R can be achieved without establishment of an electrophoretic CR. The HLC-R status identifies a good prognostic risk group among patients who have not achieved a VGPR or better prior to transplant. For those in an electrophoretic CR, an FLC-R was not additionally prognostic. Our results indicate that HLC-R could be integrated into other response levels to further stratify patients not achieving CR/VGPR. 
